Renaturation of Inactivated
Mouse L cell interferon that had been either partially or completely inactivated by heating at 56 °C, boiling at too °C, shaking, repeated freezing and thawing, or treatment with mercaptoethanol and urea could be partly reactivated by addition of the anionic detergents, decyl-, dodecyl-, or tetradecyl sulphate. For complete reactivation it was necessary to disrupt disulphide bonds of interferon in solutions containing detergents.
Interferons produced by the cells of various animals seem to differ in their stabilities (Ng & Vilcek, I97a; Weil & Dorner, 1973) ; even different interferons from the same species appear to vary in resistance to inactivation (Ke & Ho, I968; Edy, Billiau & De Somer, I974) . However, even the more stable interferons become labile as they become highly purified. This lability of biological activity of interferons has prevented purification and characterization of these broad spectrum antiviral proteins.
We have recently found that interferons can be stabilized against commonly encountered denaturants if the interferons are unfolded and reduced in the presence of the anionic detergent sodium dodecyl sulphate (Stewart II, De Clercq & De Somer, I974) . We proposed that interferons, rather than being stabilized in their native conformations, were converted to reversibly denatured molecules by the dissociating system used to protect them from apparently irreversible denaturation. If this were the case, it was possible that interferons that had lost their activity by denaturation by a process not involving disruption of covalent bonds in their primary structures would be reactivated if the inactivated molecules were dissociated and renatured from their reduced forms in detergent containing solutions. We report here the reactivation of interferons inactivated by several physical and chemical denaturing reagents.
Interferons were prepared in mouse L929 cells inoculated with Newcastle disease virus. Unpurified supernatant fluids contained about 104 reference research mouse interferon units/ mg of protein. These were partially purified by selective precipitation with ammonium sulphate, 20 to 40 % saturation at 24 °C, at pH 2.0 to prepare solutions with about Io 6 units]mg of protein. Both crude and partially purified preparations were dialysed to pH 7"2 in o.oi M-tris-HC1 buffer, interferons were assayed by plaque reduction against vesicular stomatitis virus in L929 cells; titres are expressed in reference research units. Sodium salts of decyl sulphate (DS), dodecyl sulphate (DDS) and tetradecyl sulphate (TDS) were purchased o/ from E. Merck, Darmstadt, Germany, and were dissolved in distilled water to prepare to/o stock solutions.
Interferon samples were inactivated, in I ml samples in glass tubes, by: (0 heating in a 56 °C water bath for 3o rain; (2) repeated freezing and thawing (in dry-ice-alcohol and 37 °C water bath), 3o cycles; (3) shaking for 24 h at room temperature at 25 rev/min; (4) addition of 2-mercaptoethanol and urea to final concentrations of 1.4 × Io-2 M and 5 M, I" Inactivation treatments as described in text.
;~ Samples were adjusted to final concentrations of 3"5 × to 3 M DDS, I'4 × to 2 M-2-mercaptoethanol and 5 M-urea and were immersed in boiling waterbath for I rain. respectively; (5) immersion in a boiling water bath (IOO °C) for 21 min. Both the crude and partially purified interferon preparations, containing about IO ~ units/ml, lost about 9 ° % of their activities by treatments I to 4; treatment 5 reduced the activities of both preparations by more than 99"9 %-Since none of these procedures seems likely to disrupt covalent bonds in the primary structures of proteins, it seemed reasonable to suppose that such losses of activity were reversible.
We have reported that interferons are stabilized by unfolding and reducing in DDS solutions (Stewart II et al. I974) , while the addition of DDS alone stabilized a minor portion of the total activity. It was suggested that such treatments denatured interferons which could then renature either partially or completely, depending on whether disulphide bonds were intact or disrupted, respectively. If this were the case, the amount of renaturation should be the same whether the starting materials were native interferons (in active conformations) or denatured interferons (in inactive conformations). As shown in Table I , this is indeed the case: interferons whose activities had been reduced to varying degrees by heating, shaking, chemical manipulation or freezing and thawing were completely reactivated in DDS solutions if disulphide bonds were reduced and dissociation of aggregates was promoted by 
Titre, log10 (units/ml) 4"0 < I'0 2"3 3"0 3,2 3'3 4"0 4"0 3'3 3"7 3"7 I'4 x IO ~M; urea, 5 M.
boiling. Interferons that were either partially or completely inactivated did not recover any lost activity when solubilized by mercaptoethanol and urea in the absence of DDS. This is in contrast to the finding of Mogensen & Cantell (I974) that human leukocyte interferons renature completely from such solutions.
Partial reactivation (about 5 %) was achieved by addition of DDS alone; this could be increased slightly if the solution was again heated at Ioo °C for I min after addition of detergent. However, reactivation was never more than about to% in unreduced DDS solutions (Table 2 ). In the presence of detergent, mercaptoethanol and urea, reactivation was significantly increased, and, again, when the reaction was increased by heating, the solutions were completely reactivated.
Under similar conditions, other anionic detergents, DS and TDS, were also able to reactivate interferons (Table 3) , DS being less efficient than either DDS or TDS. For assay purposes, it was not necessary to remove the additives from the samples, as the toxic effects of the additives were eliminated by dilution of the assay samples.
It has been reported that sulphydryl groups of reduced proteins are prevented from interacting when the polypeptides are in DDS (Fish, Reynolds & Tanford, ~97o) . It is, therefore our interpretation that the anionic detergents which are bound to unfolded, reduced interferons protect the polypeptide chains against the intra-and inter-molecular reactivities of sulphydryl groups which would normally lead to formation of inactive conformations or aggregates, respectively, and that the dissociated, detergent-bound molecules return to their native (biologically active) conformations upon removal of the detergent.
The finding that cross-links must be disrupted for full reactivation but not for partial reactivation suggests two interpretations: (a) the interferons can renature to a small degreee when cross-linked peptide chains are present; or (b) there are two distinct molecular species of interferons in the preparations, a minor species renaturable from detergent alone (perhaps lacking in essential cross-links), and a major species containing disulphide bonds that must be disrupted for renaturation to occur. The finding that interferons can be recovered from the protein-dissociating system of boiling DDS, mercaptoethanol and urea has enabled us, by the use of DDS-polyacrylamide gel electrophoresis, to resolve that both of these interpretations are apparently valid (Stewart II, ~974)-
